We evaluated the efficacy ofthe esophageal airway (EA) by prospectively randomizing 175 prehospital cardiopulmonary arrest patients to receive either an esophageal gastric tube airway (ECTA) or an endotracheal tube (ET~If attempts with the initial airway failed, the alternate airway was attempted. The cost of training paramedics in EA use was considerably less than the ET ($80 vs 'l,OOO~Survival to the emergency room, to hospitalization and to discharge in ET and EGTA groups were 64.4 percent, 1S.6 percent, ILl percent, and 54.1 percent, 27.1 percent, 12.9 percent, The optimal airway fur respiratory management ofa patient with cardiopulmonary arrest is a wellplaced endotracheal tube (Elj. However; the placement of an ET requires a certain level of skill with training and recertification requiring substantial time and resources. Therefore, alternative methods for ventilation have been sought. The esophageal airway, ie, both the esophageal obturator airway (EOA) and the esophageal gastric tube airway (EGTA)~were developed as such alternatives to the E'E Despite the esophageal airway's acceptance as a useful airway adjunct by the National Conference on Cardiopulmonary Resuscitation and Emergency Cardiac Care in 1973 1 and 1979, 2 the efficacy of this airway remains controversial. [3] [4] [5] [6] [7] [8] To evaluate the efficacy of the esophageal airway (EA), we performed a study comparing morbidity and mortality in patients prospectively randomized to receive either the EGTA or the ET in prehospital cardiopulmonary arrest. Wealso compared these patients to a group of unrandomized patients who were resuscitated by paramedics trained only in esophageal airway intubation.
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METHODS

Study Population
During a two-year period, 175 80 respectively-differences not statistically significant. The incidence ofneurologic residual (ET 50 percent, EGTA 36.4 percent) and congestive heart failure (ET40 percent, ECTA 45.5 percent) in surviving ET and EGTA patients did not differ (NS~An additional 125consecutive patients with only the opporbmity to receive an EA were also evaluated and did not differ in mortality, neurologic residual, or congestive heart failure from ET patients. We conclude that the EA is a s~tisfactory a1temative to the ET for short-term prehospital use in cardiopulmonary arrest patients.
cardiopulmonary arrest were prospectively randomized at the time of paramedic arrival at the scene to receive the ET (group1)or the EGTA (group 2) for initial aiJWay management. On paramedic arrival, a card was drawn. The writing on this card determined whether the patients initial airway attempt was to bean EGTA or an El: The random order of these cards wasdetermined from a table of random numbers. If two attempts with the initial airway failed to adequately ventilate the patient, the alternative airway was attempted. Inclusion criteria required thatthe patients initial airway management with an esophageal airway or an endotracheal tube be done by paramedics participating in the study and that any patient entered into the study be at least five feet tall. The 35 paramedics participating in this part of the study were trained in both ET and EGTA insertion. All patients were treated by paramedics in the St.
Paul, Minnesota Paramedic Program.
During the same period, an additional 125 consecutive patients with out-of-hospital cardiopulmonary arrest who were not randomized but who had an EOA attempted by paramedics trained only in esophageal aitway placement were evaluated (group 3). These patients were ventilated by an esophageal airway, or ifthis failed, by an oral airway. These additional 125patients were compared to group 1 patients to see if they differed in morbidity or mortality.
E80phageal Airway
The esophageal airway and its insertion have been described in detail elsewhere. 1 cause of arrest, preintubation vomiting, past medical history), hospital course (neurologic sequelae, incidence of congestive heart failure, incidence of aspiration pneumonia), survival data, difficulties with airway establishment, ailway complications, and in some patients, arterial blood gas levels (ABGs).
The downtime was estimated by the bystander at the scene. It equalled the time between the onset of the cardiac arrest and the beginning of basic life support measures (CPR). The time to paramedic arrival equalled the time between the onset of the cardiac arrest and the time the paramedics arrived at the scene.
Statistical analysis was performed using chi square tests, Ftsehers exact probability tests, and Students t-tests. Statistical analysis was performed (1)between the patients randomized to ET (group 1)and patients randomized to EGTA (group 2), and (2)between the patients randomized to ET (group 1) and the 125 consecutive patients who were not randomized but had the EOA attempted (group 3).
The data in this paper are presented by "intent to treat" groups (groups 1 to 3), but incorrect randomization occurred in 17.1percent of the patients. Therefore, statistical analysis was also performed between the following groups: (3) Correctly randomized ET patients vs correctly randomized EGTA patients. (4) Randomized patients receiving an ET as final airway vs randomized patients receiving an EGTA as final airway. patients. The data presented in this paper reflect "intent to treat" unless otherwise stated. However, whenever significant results were obtained by any of the above analyses, they are reported.
RESULTS
One hundred seventy-five patients were randomized (Table1). Ninety were randomized to ET and 85 to EGTA. However; only 145 of these 175 patients were correctly randomized (81 to E'I, 64 to EGTA). That is, 30 patients either failed to meet inclusion criteria or the randomized airway was not attempted in Table I table were similar between patients randomized to ET or EGTA and between the patients randomized to ET and group 3 patients. Table 4 lists the initiator ofCPR, the initial rhythm, the cause ofarrest, and the incidence ofpreintubation vomiting in these groups. There were no statistically significant differences in any of these characteristics between the patients randomized to ET and the patients randomized to EGTA. When the group 1 patients Were compared to the group 3 patients, the frequency distribution of the initial rhythm was different between the groups. The difference was almost entirely due to the high incidence of electromechanical dissociation in the group 3 patients. The incidence of ventricular fibrillation/ventricular tachycardia was similar between these two groups. Group 1and group 3 patients were otherwise similar;
Arterial Blood Gas Levels
The purpose of this study was to determine if there was a difference in morbidity or mortality in patients randomized to or receiving the ET or EGTA. The drawing of ABGs immediately after arrival to the ER was not an integral part of the study. However; 67 ofthe randomized patients and 31 ofthe group 3 patients had ABGs drawn soon after arrival in the ER. There was no statistically significant difference in the ABGs or in time elapsed from intubation to arterial sampling in patients receiving the endotracheal tube or esophageal airway ( Table 5) .
Hospital Caurae Table 6 lists the incidence of neurologic residual, congestive heart failure (CHF), and aspiration pneumonia in hospitalized patients. The ,incidence of neurologic residual secondary to the initial cardiopulmonary arrest and the incidence of neurologic residual secondary to any event after and including the initial event were similar between group 1 and group 2 patients and between group 1 and group 3 patients. Analysis, however; between patients correctly randomized to ET and patients correctly randomized to EGTA showed a significantly higher incidence of neurologic residual that could be attributed to the initial event in the ET patients (72.7 percent vs 31.6 percent) (p<O.05). The incidence of congestive heart failure and aspiration pneumonia was similar between the groups analyzed. When the incidence of neurologic residual and congestive heart failure were evaluated in surviving patients, there was no difference between any of the groups analyzed (Table 7 ). Table 8 shows survival by airway group. Survival to discharge was 11.1 percent in group 1 patients, 12.9 percent in group 2 patients, and 12.0 percent in group 3 patients. Survival to the ER, to hospitalization, and to discharge was not Significantly different between the The advantages of the esophageal airway over the ET have heen stated to be the relative ease and speed of insertion, shorter time required for training and skill maintenance, lack of need for a laryngoscope, and its safer insertion in patients with cervical trauma.
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9 .}2.14 In addition, in our program, training is less costly for the esophageal aiJway. In Communities where resources for training are "limited, the esophageal airway would be an attractive alternative for short-term prehospital airway management if its efficacy could be documented.
To determine whether the EA is a suitable alternative to the ET in the' prehospital cardiopulmonary arrest patient, we evaluated these different airway managements in patients experiencing out-of-hospital cardiopulmonary arrest. Our results (Tables 6 through 9) showed that patients randomized to or receiving an t:GTA or ET had similar survival rates, incidence of congestive heart failure~neurologic residual, and aspiration pneumonia. However, analysis between patients correctly randomized to the ET and patients correctly randomized to the EGTA showed a significantly higher incidence of neurologic residual that occurred during the initial cardiopulmonary arrest in the ET patients. This finding would tend to favor the' EA. groups analyzed. Table 9 shows no difference in survival to discharge in randomized patients by "intent to treat" groups, final airway received, and correctly randomized patients.
Complications and Difficulties with Ainvay Establishment
When airway difficulties were evaluated, we found that the duration of the intubation procedure was similar for the patients receiving the E'I, EGTA, and EOA, and that there was approximately 90 percent successful airway placement with all tubes (Table 10 ). 
Paramedic Assessment ofAinvay Adequacy
More patients were judged to be adequately ventilated with the ET than the EGTA when ventilation was assessed by paramedics in the Held (Table 10 ). Of the patients who had the ET attempted, 89 percent were judged to be adequately ventilated, while only 70 percent of the patients who had the EGTA attempted were judged to be adequately ventilated. If in the paramedics' opinion the patient was being inadequately ventilated with the EGTA, the protocol allowed placement of the EE Therefore, most of the patients assessed by the paramedics to be inadequately ventilated with the EGTA subsequently received the E'E However, when paramedics who were trained only in esophageal airway intubation judged adequacy of ventilation in the field, they felt that "90 percent of the patients were adequately ventilated.
DISCUSSION
Adequate ventilation is essential for a successful outcome in patients with cardiopulmonary arrest. At Table 9 -SuroivGl to DUchorge (Randomized PcJtienta)
To determine paramedic preference, we asked each paramedic participating in the randomized study to select the tube he would choose ifallowed to use only one, the EGTA or E'E While most paramedics felt it was easier to ventilate the patient once the ET was in place, only 18ofthe 35 participating paramedics chose the E'E The incidence of complications was similar in patients receiving the ET or the EGTA (Iable Il), Our study suggests that both tubes can be used with only minimal complications in the prehospital setting. This finding is supported by others.8. 15 This article is the first to compare patients prospectively randomized to the ET or to the EGTA in regard to morbidity and mortality. Despite problems with randomization and potential paramedic bias, we believe our results are reliable. Toassure that incorrectly randomized patients did not distort our data, we did extensive intergroup analysis as outlined in our method section. Despite this extensive analysis, no major differences were detected between the groups. Where differences existed, they were noted. While our data showed essentially no difference in morbidity and mortality in the groups analyzed, we cannot exclude the possibility of a beta error; ie, that a significant difference was not found because the sample size was too small. In further support of our claim that there is no difference in morbidity and mortality, we have recently submitted data from a retrospective study of 317 patients who had an out-of-hospital cardiopulmonary arrest and found no difference in morbidity and mortality between patients receiving an EOA or E1: Also, Shea et al 8 recently retrospectively evaluated 296 non randomized patients with out-ofhospital cardiopulmonary arrests and found similar survival rates and neurologic residual in patients receiving the EGTA or E'E While as stated we believe our data provide evidence that the EA may be a suitable alternative to the ET in cardiopulmonary arrest patients, our study has many limitations. There were a significant number (17.1 percent) of crossovers in this study, making interpretation of our data difficult and requiring us to perform multiple group comparisons. We cannot exclude the possibility that some very ill patients who could have received the EGTA actually received the ET because of paramedic bias (Table2).This, of course, wish to over emphasize it.
Because patients in our randomized study could receive the alternative airway if difficulties were encountered with the initial airway, we evaluated an additional 125patients who had an esophageal airway attempted (group 3) and who had no chance to receive the El: This was done to see if such patients were at a significant disadvantage. These (group 3) patients had similar survival rates, incidence of congestive heart failure, and neurologic residual as patients randomized to or receiving the ET (Tables 6 through 8) .
The patients randomized to either the ET or EGTA were comparable except for age ( Table 3) . The EGTA patients (group 2)were older (69vs 65 years). We think that because of the multiple analyses done on these patients, the significance ofthis Bnding also should not be over emphasized. Age was not different between the patients correctly randomized to or receiving the ET or the EGTA. The older age in the patients randomized to the EGTA might, if anything, bias the results against the EGTA. . 'Iable 3 shows the downtime and time from arrest to paramedic arrival in groups 1, 2, and 3. While there was no significant difference among the groups, the mean time is shorter in group 3 patients. Since groups 1 and 2 patients were treated by the same paramedics in the same locale, one would expect these response times to be almost identical. The shorter mean times in the group 3 patients, while not statistically different from group 2 patients, may be due to these paramedics responding to a slightly different locale.
Our study also showed that the duration of the intubation procedure and the percent of successful airway placements were similar in all groups analyzed (Table 10) . However, more patients receiving an EGTA were judged to be inadequately ventilated compared to patients receiving an E'E One explanation is that, despite proper placement of the EGTA, providing adequate ventilation is difficult. The majority of the paramedics stated that adequate ventilation was easier to provide with the ET because a tight face mask seal is not needed, and ventilation could be done with one hand. While this may becorrect, we believe that our data do suggest that adequate ventilation can be obtained with an EA. In support, we found that oxygenation and ventilation assessed by ABG measurements were similar in patients receiving the esophageal airway or endotracheal tube. In addition, paramedics trained only in EOA intubation felt they were able to adequately ventilate 90 percent of their patients. This is similar to the 89 percent of patients who had an ET attempted that were felt to be adequately ventilated. Therefore, we believe that some of the patients in the randomized study who were felt to be inadequately ventilated with the EGTA may have received the ET due to paramedic bias. could bias the results against the ET However; the problem we had with crossovers is not unique to this study, asother recent large randomized studies including the Coronary Artery Surgery Study (CASS) and European Coronary Artery Surgery Study had crossover rates of between 10 and 20 percent.P'" Another major limitation of this study was that ABGs were not done in every patient with the initially placed airway, While systematic assessment of oxygenation and ventilation would have provided us with additional information about these airways, the purpose of this study was to determine if the incidence of morbidity and mortality is different in patients receiving these airways. Thus, while systematic ABG assessment would have been interesting and would have provided additional data, this information was not necessary for determining the incidence of morbidity and mortality. One should also realize that in this study, only patients with cardiopulmonary arrest were evaluated. These results should not be extended to airway management for patients with noncardiopulmonary arrest. In addition, we did not evaluate young children as the esophageal airway cannot be used in these patients. We also realize that while the esophageal airway may be a suitable alternative to the endotracheal tube in most patients, there are some in whom ventilation is difficult with the esophageal airway because of a poor face mask seal, and there are patients in whom suctioning may be necessary (Table 2 ). These patients would perhaps be better ventilated by the endotracheal tube. In addition, patients who need respiratory management but are still conscious and have a gag reflex may only be able to be managed by an endotracheal tube. Determination ofthe incidence ofcomplications from each airway was also limited because most patients did not have an autopsy or endoscopy to determine the true incidence ofcomplications such as incorrect airway placement or esophageal laceration. The three patients with misplaced tubes had these discovered when evaluated in the ER. Despite the limitations listed here, we believe that with the analysis done, our data show that in communities like ours, the esophageal airway may be a suitable alternative for short-term prehospital airway use in patients with cardiopulmonary arrest.
Previous investigators have attempted to evaluate the efficacy of the EA. The differences in ABGs described by these authors when comparing the esophageal airway with the endotracheal tube may be explained by different patient populations, the timing of ABG measurements, and the skill ofthe person using the respective tube. When oxygenation was found to be equivalent, the ABGs were drawn after a period of ER stabilization for both tubes.:" This, however, may not reflect field conditions, and therefore, these results should not be applied to assess the field efficacy of these tubes.
When oxygenation with the ET was superior to the esophageal airway, the ABGs with the esophageal airway were drawn immediately after arrival in the ER, while the ABGs with the ET in place were drawn after a period of ER stabilization.v'
In response to a recent study' showing the ET to be superior to the EA in respect to oxygenation and ventilation, Mattox' has stated that the EA "remains a gadget in search of an indication" and has raised the question of whether the cCFDA should recall this potentially dangerous instrument." We believe these statements are premature because there are now two retrospectivev" and now this prospective study showing no difference in morbidity or mortality in patients receiving the EA or E'E A potential advantage of the EA over the ET is that training may be less time consuming" and costly;
although Stewart et alII have suggested that paramedics can be safely taught to use the ET with little training. These authors, however, also reported that initial success with the ET by paramedics tended to be highest in personnel with increased exposure to the operating room or animal laboratory practice. In addition, they found that paramedics with less training had a greater number of prolonged intubation attempts. Presently, we believe that a comprehensive training program similar to ours is advisable for the initial training and maintenance of skill. However, further investigation into the cost and time of training with these airways is needed.
In summary, this study comparing the EA with the ET found no differences in morbidity (neurologic residual, congestive heart failure) or mortality between patients randomized to or receiving the ET or EGTA. In addition, there was no difference in morbidity or mortality between patients randomized to or receiving the ET and patients who only had the opportunity to receive the EA. We, therefore, believe that while the ET is the definitive airway, the EA is a satisfactory alternative to the ET for short-term prehospital airway management in cardiopulmonary arrest patients. 
